


















FZfZ_\ HF A\hgZj_\ B: K_\jxdh\Z EF Mklhcqb\hklv jZ[hlu k\_joijh\h^ys_c mkdhjyxs_c
K<Qkljmdlmju gZ \ukhdhf mjh\g_ fhsghklb  k lhqdb  aj_gby l_ieh\h]h [ZeZgkZ   Ij_ijbgl BN<W
2000-45.  −   Ijhl\bgh  −   9 k  jbk lZ[e: 2,  [b[ebh]j. 17.
Ij_^klZ\e_gu j_amevlZlu l_hj_lbq_kdbo jZkq_lh\ djblbq_kdbo fZ]gblguo ihe_c b nZah\hc
^bZ]jZffu ^ey k\_joijh\h^ys_]h gbh[by fZjdb G;J jZajZ[hlZggh]h nbjfhc =BJ?>F?L ki_pbZevgh
^ey ba]hlh\e_gby mkdhjyxsbo j_ahgZlhjh\ Ijb\_^_gZ aZ\bkbfhklv i_j_iZ^Z l_fi_jZlmj gZ \gmlj_gg_c
b \g_rg_c ]jZgbpZo j_ahgZlhjZ hl jZkk_b\Z_fhc K<Q±fhsghklb JZkq_l l_fi_jZlmjgh]h gZihjZ b
]jZnbq_kdh_ j_r_gb_ mjZ\g_gb_ l_ieh\h]h [ZeZgkZ ^Zxl \hafh`ghklv jZkkfhlj_lv ih\_^_gb_
mkdhjyxs_]h j_ahgZlhjZ 69$$3 ba qbklh]h gbh[by gZ \ukhdhf mjh\g_ K<Q±fhsghklb
Abstract
Mamaev O.M., Sevryukova L.M., Zvonarev I.A.  Superconducting Accelerating RF-Structure Stability at a
High  Energy  Level   from the Point of  View of Thermal Balance. IHEP Preprint 2000-45. –  Protvino ,  2000. –
9 p., 7 fig.,  tables 2, refs.: 17.
      Theoretical calculational results  for critical magnetic fields and phase diagram for superconducting Niobium
(NBR),  type specially developed by GIREDMET company to manufacture accelerating cavities, are submitted.
The dependence of temperature overfall at the internal and external bounderies of the cavity on  dissipated RF-
power is given. The calculation of a temperature pressure and graphical representation  of the thermal balance
equation enables one  to consider the behaviour of the accelerating SVAAP cavity (from pure Niobium) at  RF-
power.
 
                                              =hkm^Zjkl\_gguc gZmqguc p_glj
        Jhkkbckdhc N_^_jZpbb
       Bgklblml nbabdb \ukhdbo wg_j]bc 
1	 #$#"!#
Hkgh\gZy p_ev ^Zggh]h pbdeZ jZ[hl − bamq_gb_ m\_ebq_gby mkdhjyxs_]h ihey \ k\_joijh\h^ysbo
K<QkljmdlmjZo ^ey mkdhjbl_e_c aZjy`_gguo qZklbp [1-4] Ba\_klgh qlh wlZ ijh[e_fZ k\yaZgZ k
mf_gvr_gb_f wfbkkbhgguo wnn_dlh\ [5-7] b mgbqlh`_gb_f mkeh\bc \hagbdgh\_gby l_jfhfZ]gblgh]h
ijh[hy [8] < k\yab k ihke_^gbf g_h[oh^bfh jZkkfhlj_lv mkeh\by jZ[hlu mkdhjyxs_c K<Qkljmdlmju
kihkh[ghc ih^Z\eylv \hagbdZxsb_ l_ieh\u_ \hafms_gby.
L_fi_jZlmjgZy aZ\bkbfhklv ;DR–ihl_jv ijb\h^bl d \hagbdgh\_gbx h[jZlghc k\yab \ kbkl_f_ <Q-
]_g_jZlhj – k\_joijh\h^ysbc j_ahgZlhj – ]_eb_\uc djbhklZl WlZ h[jZlgZy k\yav fh`_l y\eylvky
hkgh\guf nZdlhjhf hij_^_eyxsbf ih\_^_gb_ kbkl_fu ijb [hevrbo ]jZ^b_glZo ihey  F<f b
\ur_ [9] dh]^Z \u^_ey_fZy \ j_ahgZlhj_ fhsghklv klZgh\blky ^hklZlhqghc qlh[u \ua\Zlv
eZ\bghh[jZagh_ jZah]j_\Zgb_ \k_c ih\_joghklb k ihke_^mxsbf i_j_oh^hf __ \ ghjfZevgh_ khklhygb_
< gZklhys__ \j_fy jZa\b\Z_lky ijh_dl mkdhjbl_ey 69$$3 k\_joijh\h^ysbc \_jlbdZevguc
mkdhjbl_ev ^ey ijbdeZ^guo p_e_c >@ ihwlhfm ijh\_^_g jZkq_l ]_hf_ljbq_kdbo jZaf_jh\ b
hkgh\guo we_dljh^bgZfbq_kdbo iZjZf_ljh\ [13] b ZgZeba l_ieh\uo ihe_c >@ Z a^_kv jZkkfhlj_gZ
mklhcqb\hklv jZ[hlu mkdhjyxs_c K<Q-kljmdlmju gZ \ukhdhf mjh\g_ K<Q fhsghklb bf_ggh ^ey
mkdhjbl_ey 69$$3
1.  %&" '&(&$&)!
>ey aZ^Zgby ]_hf_ljbq_kdbo iZjZf_ljh\ \ oh^_ jZ[hlu bkihevah\ZeZkv ]_hf_ljby mkdhjyxs_c
kljmdlmju bah[jZ`_gghc gZ jbk  Qlh[u mijhklblv jZkkfhlj_gb_ aZ^Zqb [ueb ijhba\_^_gu jZkq_lu
jZkij_^_e_gby fZ]gblghc gZijy`_gghklb ih ^ebg_ yq_cdb (jbk  ih ijh]jZff_ PRUD0.
GZ hkgh\_ jbk  fh`gh k^_eZlv \u\h^u qlh fZdkbfZevgZy fZ]gblgZy gZijy`_gghklv ijboh^blky
gZ wd\ZlhjbZevgmx h[eZklv yq_cdb j_ahgZlhjZ Mqblu\Zy qlh J  f(H), ]^_ J – jZkk_b\Z_fZy K<Q
fhsghklv b G – fZ]gblgZy gZijy`_gghklv lh gZ wd\ZlhjbZevgmx h[eZklv ijboh^blky    fZdkbfZevgh_
Jbk  =_hf_ljby mkdhjyxs_c K<Qkljmdlmju ba  yq__d lbiZ "TESLA-shape".
2jZkk_b\Zgb_ K<Qfhsghklb Ke_^h\Zl_evgh wlZ h[eZklv [m^_l bf_lv gZb[hevrmx l_fi_jZlmjm
ih\_joghklb Bkoh^y ba wlbo \u\h^h\  fh`gh i_j_clb  d jZkkfhlj_gbx  lhevdh wd\ZlhjbZevghc
h[eZklb  dZd  gZb[he__  ih^\_j`_gghc l_jfhfZ]gblghfm ijh[hx aZ kq_l fZdkbfZevgh]h i_j_iZ^Z
l_fi_jZlmju ih lhesbg_ yq_cdb Wlh iha\hey_l i_j_clb hl keh`ghc nhjfu yq_cdb d jZkkfhlj_gbx
yq_cdb \ \b^_ pbebg^jZ k ^bZf_ljhf jZ\guf ^bZf_ljm wd\ZlhjZ yq_cdb jZkkfZljb\Z_fh]h j_ahgZlhjZ
Ijb wlhf ihlhd l_ieZ ijhoh^ysbc q_j_a _^bgbpm ih\_joghklb yq_cdb khhl\_lkl\m_l fZdkbfZevgh
\hafh`ghfm ihlhdm l_ieZ
Jbk =jZnbd jZkij_^_e_gby  fZ]gblghc  gZijy`_gghklb  ih ^ebg_ mkdhjyxs_c kljmdlmju jZkkqblZgguc ih
ijh]jZff_  PRUDO.
JZkkfhljbf h^ghjh^gmx pbebg^jbq_kdmx kl_gdm (jbk  k \gmlj_ggbf ^bZf_ljhf d1 b gZjm`guf
^bZf_ljhf d2 k ihklhygguf dhwnnbpb_glhf l_iehijh\h^ghklb λ  AZ^Zgu: ihklhyggZy l_fi_jZlmjZ
]_eb_\hc \Zggu t` dhwnnbpb_gl l_iehhl^Zqb d ]_ebx gZ gZjm`ghc kl_gdH α  l_ieh\h_ khijhlb\e_gb_
DZibpu gZ ]jZgbp_ gbh[bc – ]_ebc kR  b ihlhd l_ieZ q_j_a \gmlj_gg_x ih\_joghklv lq .
       Jbk  L_iehi_j_^ZqZ  q_j_a  h^ghjh^gmx  pbebg^jbq_kdmx kl_gdm.
3;m^_f iheZ]Zlv qlh ^ebgZ jZkkfZljb\Z_fhc yq_cdb \_ebdZ ih kjZ\g_gbx k lhesbghc kl_gdb
Lh]^Z ihl_jyfb l_iehlu k lhjph\ ljm[u fh`gh ij_g_[j_qv b ijb mklZgh\b\r_fky l_ieh\hf j_`bf_














































ddqtt kl`c αλ .                        (2)
2.   %*$"+#$&""+#
LZ[ebpZ  Bkoh^gu_ ^Zggu_ ^ey j_ahgZlhjZ ba gbh[by
 GZbf_gh\Zgb_ AgZq_gb_
1 Kh[kl\_ggZy ^h[jhlghklv j_ahgZlhjZ 0Q 109 1010 ÷
2 JZ[hqZy qZklhlZ ω F=p    2950
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   2500
4 L_fi_jZlmjZ ]_eb_\hc \Zggu
`
t , D    4.2
5 <gmlj_ggbc ^bZf_lj j_ahgZlhjZ 1d , ff    96.122
6 <g_rgbc ^bZf_lj j_ahgZlhjZ 2d , ff    102.122
7 L_ieh\h_ khijhlb\e_gb_ DZibpu gZ ]jZgbp_ gbh[bc








< lZ[e 2 ijb\_^_gu l_hj_lbq_kdb ^hklb`bfh_ RRR=R300K/R4.2K, ]^_ R –  m^_evgh_ we_dljbq_kdh_
khijhlb\e_gb_ ijb hij_^_e_gghc l_fi_jZlmj_ >@ b l_iehijh\h^ghklv \ emqrbo h[jZapZo kebldh\
gbh[by dhlhjuc bkihevamxl ijb ijb]hlh\e_gbb ebklh\h]h fZl_jbZeZ ki_pbZevgh ^ey k\_joijh\h^ysbo
mkdhjyxsbo j_ahgZlhjh\FZl_jbZe ijhba\h^blky jZaebqgufb nbjfZfb: =hkm^Zjkl\_gguc aZ\h^ j_^dbo
f_lZeeh\ GIREDMET , :DK &KDQJ b +(5$(86 >@
LZ[ebpZ . RRR b l_iehijh\h^ghklv gbh[by ijhba\_^_ggh]h \_^msbfb nbjfZfb ki_pbZevgh
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Ba mjZ\g_gby  [ueZ ihemq_gZ aZ\bkbfhklv hlh[jZ`_ggZy jbk  ^ey jZaguo agZq_gbc
dhwnnbpb_glZ l_iehijh\h^ghklb: )(1 Qt∆  – ^ey 80=λ ; )(2 Qt∆ – ^ey 40=λ  b )(3 Qt∆  – ^ey
10=λ  Ba ]jZnbdZ \b^gh qlh ijb 80=λ bf__f f_gvrbc i_j_iZ^ l_fi_jZlmj ih lhesbg_ j_ahgZlhjZ
< ^Zevg_cr_f [m^_f bkihevah\Zlv bf_ggh wlh agZq_gb_ l_iehijh\h^ghklb gbh[by ^ey jZkq_lh\
Jbk =jZnbd aZ\bkbfhklb i_j_iZ^Z l_fi_jZlmj hl jZkk_b\Z_fhc K<Qfhsghklb.
4. & "#"!##-0 /6&0&"%&
Kh]eZkgh l_hjbb ;DR l_fi_jZlmjgZy b qZklhlgZy aZ\bkbfhklv ih\_joghklgh]h khijhlb\e_gby










 ,                     (3)
]^_ :  – dhwnnbpb_gl dhlhjuc y\ey_lky nmgdpb_c i_j_f_gguo kdhjhklb we_dljhgh\ gZ ih\_joghklb
N_jfb ν F; we_dljhgghc iehlghklb N,  ^ebgu k\h[h^gh]h ijh[_]Z L; ω  – qZklhlZ ∆  – wg_j]_lbq_kdZy
s_ev bk  – ihklhyggZy ;hevpfZgZ EhdZevgh_ ihe_ gZ ih\_joghklb j_ahgZlhjZ \uau\Z_l gZ]j_\
dhlhjuc ih\urZ_l l_fi_jZlmjm \gmlj_gg_c ih\_joghklb j_ahgZgkghc kljmdlmju Ijb wlhf ^ey
mklhcqb\hc jZ[hlu kbkl_f g_h[oh^bf hij_^_e_gguc [ZeZgk f_`^m aZiZk_gghc wg_j]bc b dhebq_kl\hf
l_iehlu ijhoh^ysbf q_j_a _^bgbpm ih\_joghklb kl_gdb j_ahgZlhjZ
AZiZk_ggZy wg_j]by hij_^_ey_lky ke_^mxsbf \ujZ`_gb_f
ω
PQW ⋅= 0
 ,                                                        (4)
5]^_ P  – jZkk_b\Z_fZy K<Qfhsghklv;  Q0 – kh[kl\_ggZy ^h[jhlghklv ω  – jZ[hqZy qZklhlZ JZkk_b\Z_
fZy K<Qfhsghklv hij_^_ey_lky dZd
2)(
2
1 HTRP s ⋅= .                                                   (5)
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5. !!)#%'!#,&/"!"+#-01
 >ey k\_joijh\h^ysbo j_ahgZlhjh\ k ohjhr_c ih\_joghklghc h[jZ[hldhc ba]hlh\e_gguo ba
k\_joijh\h^gbdZ II jh^Z djblbq_kdh_ <Qihe_ kh\iZ^Z_l k l_jfh^bgZfbq_kdbf djblbq_kdbf ihe_f















kpkj  ,                                                      (8)




kpsn BVGG ⋅=− µ
 ,                                                   (9)
]^_ Gn – wg_j]by =b[[kZ \ ghjfZevghf khklhygbb Gs – wg_j]by =b[[kZ \ k\_joijh\h^ys_f khklhygbb
V – h[t_f k\_joijh\h^gbdZ;
kpk BB ⋅= χ22  ,                                                            (10)




0 105.7 γρχχ ⋅⋅+=  ,                                                (11)
]^_ 0χ  – iZjZf_lj =bga[mj]ZEZg^Zm ^ey qbklh]h k\_joijh\h^gbdZ ρ  – m^_evgh_ khijhlb\e_gb_ γ  –
ihklhyggZy Ahff_jn_ev^Z ^ey we_dljhgghc qZklb m^_evghc l_ieh_fdhklb >ey gbh[by 8.00 =χ [2],
kffdHf ⋅= 037.0ρ
( ) kpk BB 08.0ln2
1
1 += χχ
.                                                (12)
6GZ hkgh\_ \ur_hibkZgguo aZ\bkbfhkl_c [ueZ ihemq_gZ nZah\Zy ^bZ]jZffZ ^ey
k\_joijh\h^ys_]h gbh[by jbk  Gb`_ djb\hc Bk1 gZoh^blky mklhcqb\Zy k\_joijh\h^ysZy nZaZ, beb
dZd __ gZau\Zxl, F_ckkg_jh\kdZy nZaZ, l_ nZaZ k iheguf \ulZedb\Zgb_f fZ]gblgh]h ihey F_`^m
djb\ufb Bk1 b %k2  mklhcqb\uf y\ey_lky kf_rZggh_ khklhygb_ beb Rm[gbdh\cdZy nZaZ <
Rm[gbdh\kdhc nZa_ fZ]gblguc ihlhd qZklbqgh ijhgbdZ_l \ k\_joijh\h^gbd Ihkdhevdm ex[h_ hlebqgh_
hl gmey fZ]gblgh_ ihe_ h[mkeZ\eb\Z_l ijhl_dZgb_ \ k\_joijh\h^gbd_ g_aZlmoZxs_]h k\_joijh\h^ys_]h
lhdZ lh \ Rm[gbdh\kdhc nZa_ lhdb l_dml b \ lhes_ k\_joijh\h^gbdZ JZamf__lky wlb lhdb ^he`gu [ulv
aZfdgmlufb lZd dZd lhevdh lh]^Z khklhygb_ [m^_l klZpbhgZjguf <ur_ djb\hc Bk2 gZoh^blky
ghjfZevgZy nZaZ ]^_ l_jyxlky k\_joijh\h^ysb_ k\hckl\Z
Jbk  NZah\Zy ^bZ]jZffZ  k\_joijh\h^ys_]h gbh[by , ± k\_joijh\h^ys__ khklhygb_ II – kf_rZggh_ khklhygb_
III  – ghjfZevgh_ khklhygb_
6. "&0!(.%2)! %!&6+#("&&


























.               (13)
=jZnbq_kdh_ j_r_gb_ mjZ\g_gby  ij_^klZ\e_gh gZ jbk  Djb\u_  b  hlh[jZ`Zxl
fZdkbfZevgh \hafh`gh_ l_hj_lbq_kdh_ ihe_ fZ]gblghc gZijy`_gghklb ijb dhwnnbpb_gl_
l_iehijh\h^ghklb λ   b  10  khhl\_lkl\_ggh
77.  %'178##-0#
>ey jZkq_lZ mkdhjyxsbo ihe_c bkihevah\ZgZ nhjfmeZ [17]












= ,                    (14)
]^_   L −  ^ebgZ mkdhjyxs_c  kljmdlmju;  
mkd
  −   mkdhjyxs__  ihe_  
0Q
ra
  −    rmglh\hc


























.                (15)
    =jZnbq_kdh_  j_r_gb_  mjZ\g_gby   ij_^klZ\e_gh gZ  jbk   Djb\u_  b 2  hlh[jZ`Zxl
fZdkbfZevgh \hafh`gh_ l_hj_lbq_kdh_ mkdhjyxs__ ihe_ ijb dhwnnbpb_gl_ l_iehijh\h^ghklb
(λ   b  khhl\_lkl\_ggh
           Jbk 6. =jZnbd aZ\bkbfhklb fZ]gblghc gZijy`_gghklb hl l_fi_jZlmju.
8.
	+ $+
>Zgguc ]jZnbq_kdbc kihkh[ jZkkfhlj_gby mjZ\g_gby l_ieh\h]h [ZeZgkZ ^Z_l \hafh`ghklv
l_hj_lbq_kdb hij_^_eblv fZdkbfZevgu_ mkdhjyxsb_ ihey b ihey fZ]gblghc gZijy`_gghklb ijb
jZaebqguo dhwnnbpb_glZo l_iehijh\h^ghklb ^ey j_ahgZlhjh\ ba qbklh]h gbh[by
JZkq_lu ihdZaZeb qlh ijb ijhqbo jZ\guo mkeh\byo ]_hf_ljby l_ogheh]by« kZfu_ \ukhdb_
l_hj_lbq_kdb_ mkdhjyxsb_ ihey ihjy^dZ  F<f fh`gh ihemqblv gZ hl_q_kl\_gghf gbh[bb fZjdb
G;J
Klhbl aZf_lblv qlh a^_kv g_ k^_eZgZ ihijZ\dZ gZ jZaebqgu_ ^_n_dlu dhlhju_ fh]ml \hagbdgmlv
\h \j_fy ba]hlh\e_gby b ijb\_klb d \hagbdgh\_gbx ijh[hy
-!%'0!#&.+
1. :G >b^_gdh EF K_\jxdh\Z :: Ylbk K\_joijh\h^ysb_ mkdhjyxsb_ K<Qkljmdlmju  F:
Wg_j]hZlhfba^Zl   k
2. :G >b^_gdh EF K_\jxdh\Z I_jki_dlb\u bkihevah\Zgby k\_joijh\h^ysbo j_ahgZlhjh\ \
mkdhjbl_evghc l_ogbd_ ± < k[: Ljm^u VI kh\_sZgby ih mkdhjbl_eyf aZjy`_gguo qZklbp ±
HBYB >m[gZ  l  k 
3. EF K_\jxdh\Z I_jki_dlb\u bkihevah\Zgby k\_joijh\h^ysbo j_ahgZlhjh\ \ mkdhjbl_evghc
l_ogbd_ ± < k[: Ljm^u I <k_khxagh]h kh\_sZgby ©Mkdhjbl_eb aZjy`_gguo qZklbp b
jZ^bZpbhggZy nbabdbª ±F  FBNB  l  k .
4. EF K_\jxdh\Z Khklhygb_ jZ[hl ih k\_joijh\h^ysbf j_ahgZlhjZf \ Bgklblml_ nbabdb \ukhdbo
wg_j]bc ± < k[: Ljm^u XIII kh\_sZgby ih mkdhjbl_eyf aZjy`_gguo qZklbp ± HBYB >m[gZ 
l  k 5-200.
Jbk  =jZnbd aZ\bkbfhklb mkdhjyxs_]h ihey hl jZ[hq_c l_fi_jZlmju.
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1HFFZfZ_\ B:A\hgZj_\ EFK_\jxdh\Z
Mklhcqb\hklv jZ[hlu k\_joijh\h^ys_c mkdhjyxs_c K<Qkljmdlmju gZ \ukhdhf mjh\g_
fhsghklb k lhqdb aj_gby l_ieh\h]h [ZeZgkZ
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